Abstract. This research focuses on the interface shear performance between geotextile and soil with various percentages of bentonite and sodium bentonite for landfill stability by using Direct Shear Test. Admixtures are mixed with clay to improve its performance as a liner material due to their ability to fill the voids between soil particles and also the most effective sealants. The aim of this study is focused on evaluating the effectiveness of bentonite and sodium bentonite on improving interface shear strength of fine soil. In this study, direct shear box was used to measure the interface shear strength of soil with different percentages of bentonite and sodium bentonite at optimum moisture content. Analysis shows that the most suitable percentage is of 5 % of bentonite and 2.5 % of sodium bentonite due to the highest interface shear strength of the mixture with geosynthetic. It is clearly shown that 2.5 % sodium bentonite is the most suitable percentage to be used as admixture for landfill stability as it gives higher interface shear strength.
Introduction
Landfills have been the most common methods of organizing waste disposal. In most cases, open dumping is being practiced and takes place at about 50% of the total landfills. In addition, many landfills have been opted to be closed rather than setting up the new ones while the quantity of waste generated yearly is much faster than the natural degradation process [1] . The long term problems caused by landfill are related to the generation of leachate which can cause considerable environmental problems. Leachate is a highstrength wastewater formed as a result of percolation of rain-water and moisture through waste in landfills [2] . Leachate from solid -waste has been found to contain a number of heavy metals. During the formation of leachate, organic and inorganic compounds are transferred from waste to the liquid medium [3] and pose hazardous effects to the receiving water bodies and thereby pose a potential threat to human health. In order to accomplish this, it is necessary to restrict the flow of water through the upper and lower boundaries of the landfill, referred to as the cover and the base liner of the landfill (McCartney et al., 2002) . Recently, geosynthetic clay liner (GCLs) provides an alternative to compacted clay liners [6] . It has been used to replace and reduce the thickness of compacted clay liners (CCLs) required in composite liner or cover systems for waste containment (Eid and Stark, 1998) . Due to the importance of the interface shear strength between geotextile and residual soil mixed with adhesive bentonite, this study is conducted to determine the difference of interface shear strength between geotextile and clay with different percentage of bentonite and sodium bentonite. A unique characteristic of sodium bentonite is that it can draw water from adjacent soils, possibly reaching water contents in excess of 100 percent [6] .
Scope of Study
To achieve the objectives of this study, a stage of laboratory work has been performed so that the result can be presented systematically. All the standard tests were conducted based on British Standard as references. The basic laboratory tests that have been performed are Particle Size Distribution, Particle Density Test and Atterberg Limit which includes Plastic Limit (PL) and Liquid Limid (LL) in order to determine the Plasticity Index (PI). Inaddition, specific gravity test, shrinkage limit test and pH test were also included in this study. All of the basic properties tests excluding Particle Size Distribution were performed repeatedly with different percentage of bentonite and sodium bentonite. After all of the test have been conducted, soil samples were prepared and mixed together using various percentages of bentonite and sodium bentonite (2.5%, 5%, 7.5% and 10%) to get the best value of optimum moisture content of the admixtures using Standard Proctor Test. The value was used for the preparation of remoulded samples for direct shear test. The shear box is normally the most preferred method for soil shear testing because it is a fast and economical method of measuring shear strength. A specimen is placed in a shear box which has two stacked halves to hold the sample; the contact between the two halves is at approximately the mid-height of the sample. Soil without admixture at the top, bound by geotextile at the middle and soil with the admixture (bentonite or sodium bentonite) is placed at the bottom half of the apparatus. Geotextile and soil with admixture were placed exactly at the failure plane. A normal load was applied to the specimen and the specimen was sheared across the pre-determined horizontal plane between the two halves of the shear box. The size of the shear box used is 60 mm × 60 mm, which can give a more efficient result for soil shear strength as stated by Ingold (1982).
Theoretical background
Over the past few years, different geosynthetics manufacturers have proposed several unique GCL products that attempt to minimize hydraulic conductivity while maximizing shear strength [7] . Throughout the years, geosynthetic clay liners(GCLs) has been increasingly selected to replace compacted clay liners (CCLs) in composite liner and cover systems for waste containment facilities (Stark, 1998) . GCLs are prefabricated geocomposite materials used in hydraulic barriers as an alternative to compacted clay liners due to their affordability and excellent barrier performance against contaminants. During the landfill construction, there are some critical element parts that need to be considered. One of the critical parts in this stage is when designing the landfill slope. Hence, engineers are required in designing slope which is safe in terms of not exceeding the safe slope angle for liner components, internal properties and their respectiveinterface parameters within the system (Saravanan et al, 2004) . In this study, various admixtures of bentonite and sodium bentonite were used in order to determine the significant effect of interface shear strength between soil liner and geotextile with different percentages of admixtures.
Test Result and Discussion
Each sample has been processed at the laboratory accordance with British Standard Method -BS1377: Part 2. Table 1 and 2 show the list of basic properites of the soil. The results show that the increasing percentages of the bentonite and sodium bentonite give higher plasticity of the soil. The presence of bentonite in the soil gives the chances for more water to retain at the condition of suction. It was proved by Osinubi and Amadi in 2010 where in their previous studies, it was shown that liquid limit is increased in increasing of bentonite. When bentonite is added to the soil, it displays a clayey nature at relatively high water contents. Bentonite which contains swelling clay minerals such as montmorillonite is inferred to expand and fill the voids in the buffer and backfill materials (Komine and Ogata, 1996) . In addition, it is proved that the presence of bentonite reduces the acidity of the natural soil and this is proven by Zanzinger et. al in 2002 [11] , where bentonite typically have the value of pH 9 or more.
Compaction test
Proctor standard compaction test, according to BS 1377-1990: Part 4 was applied to determine the maximum dry density (MDD) and the optimum moisture content (OMC) for all samples added with bentonite and sodium bentonite. It is observed from Fig. 1 that the percentage of optimum water content is increased relatively with the increased percentage of bentonite whereas Maximum Dry Density (MDD) is decreased slightly with the increased percentage of bentonite. Chalermyanont [12] stated that with more bentonite added, the optimum water content increases and maximum dry density decreases. Fig. 2 shows the combination of compaction curve added with sodium bentonite and it could be clearly seen that by adding sodium bentonite to the soil samples, the Maximum Dry Density (MDD) increases as compared to blank sample. 
Shear box test
The size of shear box use in this study is 60 mm x 60 mm. Soil at top is to bound by geotextile at the middle and clay with the admixture (bentonite or sodium bentonite) is placed at the bottom part of the apparatus (Fig. 2.0) . Geotextile and soil with admixture are placed exactly at the failure plane. The geotextile is wrapped on the surrounding upper area of the shear box to ensure that there is no folding of the geotextile during the shearing stage. Direct shear Test was performed with applied normal stress of 100 kPa, 200 kPa and 300 kPa for both samples of bentonite and sodium bentonite. Fig. 3 until Fig. 7 show five (5) samples prepared using the optimum moisture content that was obtained from the compaction tests. The graphs below present the relationship between Shear Stress and Horizontal Displacement of bentonite for SL-B, SL-2.5B, SL-5B, SL-7.5B and SL-10B. Based on the maximum value of shear stress with applied normal stress, graph of cohesion and internal angle can be determined. The summary of cohesion and friction angle of the soil is presented in Table I . From the result, the presence of bentonite in the soil did not give a serious impact on the cohesion value and the angle of interface friction between samples and the geotextile. Based on the result, cohesion angle without bentonite gives the minimum value of cohesion and friction angle which are 10.85 kPa and 35.16°. The increasing of bentonite showed the increment until the additional of 5% of the additive. However, there is a limitation for bentonite content beyond which is indicated by the drop of parameters after 7.5% of the bentonite content due to the reaching of optimum limit of bentonite added to the soil. The increase in the percentage of bentonite can help in increasing the cohesion and friction angle for the tested samples of SL-2.5B and SL-5B up to 37.24° for friction angle and 13.29 kPa. Fig. 9 until Fig. 13 below present the relationship of Shear Stress and Horizontal Displacement of sodium bentonite for SL-0SB, SL-2.5SB, SL-5SB, SL-7.5SB and SL 10SB. This test was performed with applied normal stress 100 kPa, 200 kPa and 300 kPa. The normal stress was kept constant during test and the maximum value of shear stress can be measured during the direct test. Table 2 , it shows that the higher value for c is at soil added with 2.5% of sodium bentonite that gives the value of 12.35kPa and friction of 37.95%. As for the rest, the soil that was added with 10% of sodium bentonite is found to produce the lowest value for c with 11.27 kPa and friction of 37.70%. It can be said that the more sodium bentonite were added to the soil, the lower the shear strength tend to be, due to the swelling of the soil. It can be presumed that the cohesion value from the result is insignificant as the shear between soil and geotextile will affect the movement of the soil particle. Only natural soil sample gives lower value of cohesion but the other samples give quite similar value for cohesion. Apart from that, the value for the friction angles did not show any apparent change with the increasing percentage of sodium bentonite, and the result is quite similar to each other. From the parameters, the shearing resistance of the soil is calculated for applied normal stress of 100kPa, 200kPa and 300kPa. Shearing resistance at failure for the tested samples shows in Table III . In comparison to experimental results, it can be stated that the increment percentage of additives added give different value of shear strength. Maximum value of shear strength tested at 100 kPa, 200kPa and 300kPa applied normal stress when added with 5% bentonite (SL-5B) and shear strength start to drop after that. However, based on the result that has been conducted for sodium bentonite, the best value of shear strength reach at 2.5% of sodium bentonite added (SL -2.5SB) and start to decrease after more sodium bentonite is added.
Conclusion
Based on the findings and data of physical properties and engineering properties, the increase of the percentages of bentonite and sodium bentonite tends to increase the liquidity Index of fine soil. For compaction test, the percentage of optimum water content is increased relatively with increasing bentonite but given vice versa result for the value of the Maximum Dry Density (MDD). In case of sodium bentonite, the result for compaction test did not give good relationship to the soil as the optimum moisture content and Maximum Dry Density (MDD) are not consistent. In Direct Shear Test, it shows that even the presence of bentonite and sodium bentonite in the sample is proved to give higher interface shear strength to the tested soil, additional bentonite and sodium bentonite tend to decrease its shear strength. This may occur when increasing content of bentonite and sodium bentonite are added to the soil, increase in water content thus results in the decrease in density and shear strength. It shows that sodium bentonite is the most effective sealants and suitable for landfill stability as it gives higher interface shear strength compared to bentonite
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